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(54) Structure of chip on chip mounting preventing crosstalk noise 



(57) The present invention is intended to solve a 
problem of crosstalk noise in a so-called system mod- 
ule, which occurs as a result of interference between 
signals running in each of respective wiring layers of a 
first semiconductor chip and a second semiconductor 
chip stacked surface to surface with a small gap, and 
invites malfunctioning of semiconductor devices. As 
shown in Fig.1, the semiconductor device comprises a 
first semiconductor chip 1 having a first electrode pad 2 
and a first wiring layer 9 in the main surface, a second 
semiconductor chip 5 having a second electrode pad 6 

FIG.1 



located at a corresponding place and a second wiring 
layer 10 in the main surface facing to the first semicon- 
ductor chip, a bump 4 for electrically coupling first elec- 
trode pad 2 and second electrode pad 6 together, an 
insulation layer 8 disposed between the main surfaces 
of first semiconductor chip 1 and second semiconductor 
chip 5 facing to each other, and an electro-conductive 
layer 7 disposed between the main surfaces of first 
semiconductor chip and second semiconductor chip 
facing to each other. 
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Description 

BACKGROUND OF THE INVENTION 



The present invention relates to semiconductor 
devices which are assembled as multichip module or 
the like, in the field of electronic components mounting. 

To meet the demand for making electronic appli- 
ances smaller, providing higher functions and higher 
operating speed, an effort is being made to put plurality 
of electronic components into one unit to form a module. 
As a so-called multichip module, it has been proposed 
to mount a semiconductor chip on other semiconductor 
chip and house together in a single encapsulation to be 
mounted on a printed circuit board. 

In the following, explanation is made on a conven- 
tional semiconductor device in which plural semicon- 
ductor chips are stacked. Fig. 18 shows a cross 
sectional structure of the conventional semiconductor 
device. Fig.19 the process steps of coupling the chips. 

In a conventional structure, a first semiconductor 
chip 91 having a first electrode pad 92 and a passivation 
layer 94 is mounted on a second semiconductor chip 96 
having a second electrode pad 97 and a passivation 
layer 99. The first electrode pad 92 is coupled with the 
second electrode pad 97 via barrier metals 93 and 98, 
each formed on the respective electrode, by means of 
the flip chip mounting method using a metal bump 95 
comprised of a solder. In a case when forming the bump 
95 by electroplating, normally barrier metals 93 and 98 
are disposed between bump 95 and each of first elec- 
trode pad 92 and second electrode pad 97, in order to 
ensure contact between bump 95 and these electrode 
pads 92, 97. Furthermore, the gap between first semi- 
conductor chip 91 and second semiconductor chip 96 is 
filled with an insulation resin 100 of epoxy group, acrylic 
group or silicone group. 

Next, explanation is made on a process to couple 
first semiconductor chip 91 with second semiconductor 
chip 96. As shown in process (a) of Fig.19, a barrier 
metal layer 93 of Ti, Pd or Au is formed by the EB evap- 
oration method or the like. Then, the surface is covered 
with a photo resist 101 using the technology of photoli- 
thography, excluding an area of first electrode pad 92, 
as shown in process (b). Then, as shown in process (c), 
Pb or Sn solder which is to become bump 95 is formed 
on barrier metal layer 93 above electrode pad 92 by 
means of electroplating or the like. After removing photo 
resist 101 , barrier metal layer 93 is etched off with aqua 
regia, fluoric acid, etc. leaving an area above the elec- 
trode pad, process (d). Barrier metal 98 is formed also 
on second semiconductor chip 96 by the same process. 

Next, as shown in process (e), bump 95 of first sem- 
iconductor chip 91 is aligned to barrier metal 93 of sec- 
ond semiconductor chip 96, and then the two are 
coupled together by heating or by pressing. Then, as 
shown in process (f), insulation resin 100 is provided 
between first semiconductor chip 91 and second semi- 
conductor chip 96, and cured; thus the mounting of first 



semiconductor chip 91 on second semiconductor chip 
96 is completed. 

In the conventional structure as explained above, 
however, the occurrence of crosstalk noise is inevitable 
5 because of interference between signals flowing in the 
wiring layer formed on the main surface of each respec- 
tive semiconductor chip, if the gap between first semi- 
conductor chip and second semiconductor chip is to be 
made narrower than 1 0O^im. 
70 In order to suppress the size of crosstalk noise sig- 
nal within 10% of that of the source signal, it has been 
reported that two semiconductor chips need to be sep- 
arated by more than 300jim even when the two are 
placed horizontally side by side. Therefore, when stack- 
is ing two semiconductor chips vertically a gap of more 
than several hundreds urn seems to be necessary; to 
narrow the gap to be less than 100jim has been a hard 
task to attain. 



20 SUMMARY OF THE INVENTION 

The present invention aims to present a semicon- 
ductor device wherein the occurrence of crosstalk noise 
between a wiring layer of a first semiconductor device 

25 and a wiring layer of a second semiconductor device is 
reduced, and a manufacturing method thereof. 

A semiconductor device according to an embodi- 
ment of the present invention comprises a first semicon- 
ductor chip having a first electrode pad and a first wiring 

30 layer on the main surface, a second semiconductor chip 
having a second electrode pad located at a correspond- 
ing place and a second wiring layer on the main surface 
facing to the first semiconductor chip, a connecting 
member for electrically coupling the first electrode pad 

35 with the second electrode pad, an insulation member 
disposed between the main surfaces of first semicon- 
ductor chip and second semiconductor chip facing to 
each other, and an electro-conductive member dis- 
posed between the main surfaces of first semiconductor 

40 chip and second semiconductor chip facing to each 
other. 

A semiconductor device manufacturing method 
according to an embodiment of the present invention 
comprises a process to dispose a first semiconductor 

45 chip and a second semiconductor chip with their main 
surfaces facing to each other, a process to dispose an 
insulation member between the first semiconductor chip 
and the second semiconductor chip, a process to dis- 
pose an electro-conductive member between the first 

50 semiconductor chip and the second semiconductor 
chip, and a process to electrically couple a first elec- 
trode pad and a second electrode pad with a connecting 
member. 

In the above described constitution, the crosstalk 
55 noise which occurs between the wiring layers can be 
significantly reduced even when the layers are placed 
close to each other, as an electro-conductive member is 
disposed between the first semiconductor chip and the 
second semiconductor chip. For example, even if the 
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gap between first semiconductor chip and second sem- 
iconductor is narrowed to be less than 1 OOjim, the value 
of crosstalk noise can be suppressed within 10% of the 
value of source signal. 

A semiconductor device according to other embod- s 
iment of the present invention is comprised of a first 
semiconductor chip having a first eletrode pad, a first 
wiring layer and a first elements region on the main sur- 
face; and a second semiconductor chip having a second 
electrode pad located at a corresponding place, a sec- 10 
ond wiring layer and a second elements region on the 
main surface facing to the first semiconductor chip; 
wherein the second semiconductor chip has a larger 
chip area than that of the first semiconductor chip, and 
the second wiring layer and the second elements region is 
are formed in an area where they do not face the first 
wiring layer and the first elements region. In this consti- 
tution, the occurrence of crosstalk noise is suppressed 
as the wiring layer and the elements region of each chip 
are disposed so as not to face to each other. 20 

A semiconductor device according to another 
embodiment of the present invention is comprised of a 
first semiconductor chip and a second semiconductor 
chip disposed with their main surfaces facing to each 
other, wherein a wiring of a first wiring layer formed in 25 
the first semiconductor chip and a wiring of a second 
wiring layer formed in the second semiconductor chip 
are disposed in a state crossing to each other without 
having contact, viz. crossing at right angle or some 
other angle to each other. By disposing the two wirings 30 
so as not to form a parallel arrangement, the crosstalk 
noise becomes difficult to occur. Thus, the crosstalk 
noise can be reduced to a level low enough not to cause 
an erroneous operation of a semiconductor device. 

A semiconductor device according to a further 35 
diverse embodiment of the present invention is com- 
prised of a first semiconductor chip and a second semi- 
conductor chip disposed with their main surfaces facing 
to each other, wherein the difference between the driv- 
ing voltage of the first semiconductor chip and that of 40 
the second semiconductor chip has a smaller value 
than threshold voltage, which determines the ON or 
OFF, of a semiconductor chip whose driving voltage is 
lower of the two. Thus, the crosstalk noise can be sup- 
pressed also by making the difference of driving volt- 45 
ages between the two chips smaller than threshold 
voltage value of either one of the chips the driving volt- 
age of which is lower. 

BRIEF DESCRIPTION OF THE DRAWINGS so 

Fig.1 shows a cross sectional view of a semicon- 
ductor device according to a first embodiment of the 
present invention. 

Fig.2 shows a top view of a second semiconductor 55 
chip of the first embodiment. 

Fig.3 shows process steps of a first semiconductor 
device manufacturing method of the semiconductor 



device according to the first embodiment of the present 
invention. 

Fig.4 shows process steps of a second semicon- 
ductor device manufacturing method of the semicon- 
ductor device according to the first embodiment. 

Fig.5 shows a cross sectional view of a semicon- 
ductor device according to a second embodiment of the 
present invention. 

Fig.6 shows a top view of a second semiconductor 
chip of the second embodiment. 

Fig.7 shows process steps of a semiconductor 
device manufacturing method of the semiconductor 
device according to the second embodiment. 

Fig.8 shows a cross sectional view of a semicon- 
ductor device according to a third embodiment of the 
present invention. 

Fig.9 shows process steps of a semiconductor 
device manufacturing method of the semiconductor 
device according to the third embodiment. 

Fig. 10 shows a cross sectional view of a semicon- 
ductor device according to a fourth embodiment of the 
present invention. 

Rg.11 shows process steps of a semiconductor 
device manufacturing method of the semiconductor 
device according to the fourth embodiment. 

Fig. 12 shows a cross sectional view of a semicon- 
ductor device according to a fifth embodiment of the 
present invention. 

Fig. 13 shows a cross sectional view of a semicon- 
ductor device according to a sixth embodiment of the 
present invention. 

Fig.14 shows a see-through plan view of a semi- 
conductor device according to a seventh embodiment. 

Fig. 15(a) shows an outline concept of a semicon- 
ductor device according to an eighth embodiment of the 
present invention; Fig.15(b) an equivalent circuit dia- 
gram between the wirings of the semiconductor device. 

Fig. 16 is a characteristics chart showing the rela- 
tionship of signal waveforms when different driving volt- 
ages are applied on a first semiconductor chip and a 
second semiconductor chip in a comparative case. 

Fig. 17 is a characteristics chart showing the rela- 
tionship of signal waveforms when a same driving volt- 
age is applied on a first semiconductor chip and a 
second semiconductor chip of the eighth embodiment of 
the present invention. 

Fig. 18 shows a cross sectional view of a prior art 
semiconductor device. 

Fig.19 shows process steps of a prior art semicon- 
ductor device manufacturing method. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In the following, embodiments of the present inven- 
tion are described referring to Figs. 
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(embodiment 1) 

Fig.1 shews structure of coupling semiconductor 
chips in a semiconductor device according to a first 
embodiment of the present invention. The semiconduc- 
tor device comprises a first semiconductor chip 1 having 
a first electrode pad 2, a first wiring layer 9 and a passi- 
vation layer 3 covering the surface excluding the first 
electrode pad 2; and a second semiconductor chip 5 
having a second electrode pad 6, on which chip the first 
semiconductor chip is mounted. On second semicon- 
ductor chip 5, an insulation layer 8 is formed to cover the 
surface except second electrode pad 6, and an electro- 
conductive layer 7 is formed above insulation layer 8 to 
cover an area corresponding to a second wiring layer 
10. First electrode pad 2 and second electrode pad 6 
are electrically coupled together by a bump 4 constitut- 
ing an extruding electrode. When encapsulating the 
semiconductor device, the gap between first semicon- 
ductor chip 1 and second semiconductor chip 5 may be 
filled, whenever necessary, with an insulation resin of 
epoxy group, acrylic group or silicone group. For 
instance, when mounting the semiconductor device in 
the bare chip state on a printed circuit board, fill in an 
insulation resin between the semiconductor chips 1 and 
5. When encapsulating with a lead frame, insert the 
semiconductor device within a mold and then pour an 
insulation resin into the mold. 

Fig.2 shows arrangement of second electrode pads 
6 and electro-conductive layer 7 on second semicon- 
ductor chip 5. Electro-conductive layer 7 has an 
extended area or a ground terminal 1 1 which is coupled 
with one of second electrode pads 6. The ground termi- 
nal 1 1 is not a must; however, it is recommended to form 
a ground terminal 1 1 , and the effect of reducing cross- 
talk noise is ensured by grounding the terminal 1 1 . 

Electro-conductive layer 7 may be formed on passi- 
vation layer 3, instead of on insulation layer 8; or on both 
insulation layer 8 and passivation layer 3. What is 
required for electro-conductive layer 7 is to cover at 
least first wiring layer 9 and second wiring layer 10. 

Fig.3 shows a method of coupling a first semicon- 
ductor chip 1 and a second semiconductor chip 5 
together. 

In the first place, an electro-conductive film 1 2 of an 
Al-Si-Cu alloy is formed on insulation layer 8 by sputter- 
ing, as shown in process (a). Then, in order to obtain an 
electro-conductive layer 7 having a shape shown in 
Fig.2, unnecessary part of electro-conductive film 12 is 
removed by dry-etching, after covering the opening of a 
second electrode pad 6, which is to make itself a ground 
terminal 11, and an area above wiring layer 10 with a 
photo resist, process (b). In a case when ground termi- 
nal 1 1 is not needed, it may be removed. 

As to material for the electro-conductive film 12, 
because of a fact that the wiring is comprised of an Al- 
Si-Cu alloy, use of the same material is advantageous in 
manufacturing. However, the electro-conductive film 12 



is not limited to the material; other electro-conductive 
material may be used. 

Next, as shown in process (c), a bump 4 or a metal 
extrusion of e.g. Ni-core Au bump is formed by electro- 

s less plating on first electrode pad 2 of first semiconduc- 
tor chip 1. And then, first semiconductor chip 1 and 
second semiconductor chip 5 are disposed so as bump 
4 and second electrode pad 6 face to each other, as 
shown in process (d). And, as shown in process (e), first 

10 semiconductor chip 1 and second semiconductor chip 5 
are pressed together and heated by a pressing/heating 
jig 13. Pressure then is within a range from 0.1g to 1 0Og 
per one bump; heating temperature is within a range 
from 250°C to 450°C. By the pressing/heating, the Au- 

75 Al alloy junction is formed. In the case of Au-Au junction, 
viz. when Ni-core Au bump is formed on both of elec- 
trode pads 2, 6, or when second electrode pad 6 is 
coated with Au, the pressing/heating conditions remain 
the same as in the case of Au-AI alloy junction. Condi- 

20 tions for the case of solder alloy junction are: heating 
temperature from 60°C upto 250°C; pressure from the 
self weight of first semiconductor chip 1 upto several 
grams. Besides these alloy junction methods, the flip 
chip method such as MBBfmicro bump bonding) 

25 method, well known as COG(chip on glass) method, 
wherein junction is made via insulation resin, may be 
used. 

As described above, a semiconductor device 
according to this embodiment comprises two semicon- 
30 ductor chips (f irst semiconductor chip and second sem- 
iconductor chip) coupled via metal extrusion, and an 
electro-conductive layer 7 disposed between said two 
semiconductor chips. Therefore, the crosstalk noise is 
reduced. As the electro-conductive layer 7 can be 
35 formed during the process steps of a conventional sem- 
iconductor device manufacturing method, there is no 
need of introducing an additional production facility. 

Fig.4 shows another coupling method, wherein the 
method of forming electro-conductive layer is different 
40 from that of Fig. 3. In the first place, as shown in process 
(a) of Fig.4, all of the electrode pads 6, excluding the 
one to be connected to ground terminal 1 1 , are covered 
with photo resist 14. Next, as shown in process (b), 
electro-conductive film 12 composed of Sn/Pd/Ni three 
45 layers is formed by electroless plating over insulation 
layer 8. Photo resist 14 is removed, and then conductive 
film 12 is there. The conductive film 12 is utilized as it is 
as the electro-conductive layer. The succeeding proc- 
esses (c), (d) and (e) are the same as (c), (d) and (e) 
so processes of Fig.3. What are different from the case of 
Fig.3 are that the conductive layer 12 is formed by the 
electroless plating and that the conductive layer 12 is 
provided not only in an area above second wiring layer 
10, but also to cover an area surrounding second elec- 
55 trode pads 6. As to electro-conductive layer 12, those 
which can be plated through electroless plating, e.g. Ag 
or Sn metal layer, or Sn/Pd two layers or the like may be 
used, besides said Sn/Pd/Ni layers. Also, Sn-Pd or Sn- 
Pd-Ni alloy layer obtained by heating these two or three 
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layers may be used. Further, it is not essential for the 
electro-conductive layer 12 to be formed to cover the 
entire surface excluding second electrode pads 6; the 
electro-conductive layer may be formed for an area cov- 
ering at least first wiring layer 9 and second wiring layer 
10. 

The coupling method as shown in Fig.4 does not 
require the electro-conductive layer be formed during 
manufacturing process of a semiconductor device. 
Therefore, the electro-conductive layer can be formed at 
ease on any finished bare chips if there is a facility avail- 
able for electroless plating. 

Although the coupling methods of Fig.3 and Fig.4 
exemplified a Ni-core Au bump for the bump 4, an Au 
bump, a solder bump consisting of Sn-Pb alloy. In-Sn 
alloy, etc. may of course be used. Besides the above, a 
transfer bump method may be employed. Diameter of 
the Ni-core Au bump and Au bump is from 5nm upto 
100jim, the solder bump approximately 100fim. If the 
gap between electrode pads 2 and 6 are to be made 
larger in order to further reduce the crosstalk noise, it is 
recommended to form a bump also on electrode pad 6 
of second semiconductor chip 5. In this case, second 
semiconductor chip 5 undergoes the process (c), in 
advance to processes (a) and (b). 

(embodiment 2) 

Fig.5 shows a cross sectional structure of a semi- 
conductor device according to a second embodiment of 
the present invention. The constituent components in 
Fig.5 having the same functions as those in Fig.1 are 
indicated by the same symbols, and explanations to 
which are omitted. In the semiconductor device of Fig.5, 
an insulation film 16 carrying an electro-conductive 
layer 18 is disposed between first semiconductor chip 1 
and second semiconductor chip 5. First electrode pad 2 
and second electrode pad 6 are coupled, via bumps 4a, 
4b, by a metal extrusion 1 7 formed on insulation film 16. 

Fig. 6 is a plan view showing the arrangement of 
metal extrusions 17 formed on insulation film 16 and 
electro-conductive layer 18. Symbol 19 denotes a metal 
extrusion to be connected to the ground terminal, 
among metal extrusions 17 formed on insulation film 16. 

Fig. 7 shows process steps of an exemplary method 
for coupling semiconductor chips of the semiconductor 
device. In the first place, an insulation resin 20 of acrylic 
group, epoxy group or silicone group is applied on sec- 
ond semiconductor chip 5, as shown in process (a). 
Then, as shown in process (b), a polyimide insulation 
film 1 6 having a metal extrusion 1 7 of Au and an electro- 
conductive layer 1 8 is disposed with the position aJigned 
on insulation resin 20. Besides Au, metals such as a Ni- 
core Au, or Sn-Pb, In-Sn solder or the like may be used 
as the metal extrusion 17. Or, in place of the metal 
extrusion 17, an electro-conductive extrusion compris- 
ing of a paste containing electro-conductive filler or the 
like may be used depending on situation. However, as 
the electro-conductive extrusion has a higher electrical 



resistance than the metal extrusion, the latter is pre- 
ferred. 

Then, as shown in process (c), an insulation resin 
22 of acrylic group, epoxy group or silicone group is 

5 applied on insulation film 1 6. First semiconductor chip 1 
is disposed on insulation resin 22 aligning bump 4a 
formed on electrode pad 2 with metal extrusion 17 on 
insulation film 16, as shown in process (d). And then, 
first semiconductor chip 1 and second semiconductor 

10 chip 5 are coupled together by the same method and 
conditions of pressing/heating as in process (e) of Fig.3. 
In a case when insulation film 1 6 is consisted of polyeth- 
ylene or the like whose heat-resisting property is inferior 
to polyimide, and metal extrusion 17 is consisted of a 

15 low temperature solder of Sn-ln group solderable at a 
temperature of several tens degree C, first semiconduc- 
tor chip 1 is mounted on second semiconductor chip 5 
by performing the solder alloy junction, at the same time 
curing insulation resins 20 and 22. If insulation resins 20 

20 and 22 are of a light-curing type insulation resin, first 
semiconductor chip 1 may be mounted on second sem- 
iconductor chip 5 with a pressing/heating tool 13 irradi- 
ating ultraviolet rays, thus curing the insulation resins 20 
and 22 while pressing first semiconductor chip 1 and 

25 second semiconductor chip 5 together. If extrusion 1 7 is 
comprised of a paste containing electro-conductive 
filler, first semiconductor chip 1 is mounted on second 
semiconductor chip 5 by using a light-curing type insu^ 
lation resin for the insulation resins 20 and 22, with 

30 pressing/heating tool 13 irradiating ultraviolet rays, thus 
curing insulation resins 20 and 22 while pressing first 
semiconductor chip 1 and second semiconductor chip 5 
together. 

In this embodiment, as an electro-conductive layer 
35 18 provided on insulation film 16 is disposed between 
first semiconductor chip 1 and second semiconductor 
chip 5, the crosstalk noise can be significantly reduced. 
Further, as the metal extrusion can be formed in 
advance on an insulation film by a process apart from 
40 the manufacturing process of semiconductor chip itself, 
the embodiment is advatageous in volume production. 

The ground terminal is formed on either first semi- 
conductor chip or second semiconductor chip in the 
embodiment. The ground terminal may of course be 
45 formed on an external circuit. And the same effect is 
obtained by connecting the terminal with electro-con- 
ductive layer 18. 

(embodiment 3) 

50 

Fig.8 shows a cross sectional structure of a semi- 
conductor device according to a third embodiment of 
the present invention. The constituent components in 
Fig.8 having the same functions as those in Fig.1 are 
55 given with the same symbols, and explanations to which 
are omitted. The semiconductor device of Fig.8 com- 
prises an electro-conductive foil 23 of copper buried in 
an insulation resin 24, 25, disposed between first semi- 
conductor chip 1 and second semiconductor chip 5. In 
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place of the copper foil, an aluminum foil or other elec- 
tro-conductive metal foil may be used as the electro- 
conductive foil 23. 

Fig.9 shows process steps of a method for coupling 
semiconductor chips of the semiconductor device. In 
the first place, a bump 4a of Ni-core Au bump is formed 
by electroless plating on first electrode pad 2 of first 
semiconductor chip 1 , as shown in process (a). A bump 
4b is likewise formed on second electrode pad 6 of sec- 
ond semiconductor chip 5. Besides the Ni-core Au 
bump, Au or other metal, or solders such as Sn-Pb, In- 
Sn, etc. may be used for the bump 4a, 4b. Diameter of 
bumps 4a, 4b is: from 5jim upto 100jim for Ni-core Au 
bumps and Au bumps; approximately 100|im for solder 
bumps. 

Next, as shown in process (b), an insulation resin 
24 of acrylic group, epoxy group or silicone group is 
applied on a passivation layer 3. Then, as shown in 
process (c), electro-conductive foil 23 of copper having 
a shape covering the surface of first semiconductor chip 
1 excluding an area of bump 4a is disposed on insula- 
tion resin 24. An insulation resin 25 of acrylic group, 
epoxy group or silicone group is then applied on electro- 
conductive foil 23, as shown in process (d). 

Then, as shown in process (e), bump 4a is aligned 
with bump 4b. Using a pressing/heating tool 13, first 
semiconductor chip 1 and second semiconductor chip 5 
are pressed together with a pressure from 0.1g upto 
100g per one bump, and heated at a temperature 
approximately from 250°C upto 450°C to perform the 
Au-Au junction. In the case of Au-AI alloy junction, 
where a bump is formed on either one of the semicon- 
ductor chips 1, 5, the pressing/heating conditions 
remain the same as in said case of Au-Au junction. For 
the solder alloy junction, the temperature range is from 
60°C upto 250°C, the pressure is from the self weight of 
semiconductor chip 5 itself upto several grams. In the 
mean time, insulation resins 24, 25 are simultaneously 
cured, and second semiconductor chip 5 is coupled on 
first semiconductor chip 1 . if the insulation resins 24, 25 
are a light-curing type insulation resin, second semicon- 
ductor chip 5 can be mounted on first semiconductor 
chip 1 with pressing/heating tool 13 irradiating ultravio- 
let rays, thus the insulation resins 24, 25 are cured while 
first semiconductor chip 1 and second semiconductor 
chip 5 are pressed together. 

As described above, as the semiconductor device 
of the present embodiment comprises an electro-con- 
ductive foil disposed between two semiconductor chips 
coupled together by utilizing a metal extrusion, the 
crosstalk noise that arise between first wiring layer 9 
and second wiring layer 10 can be reduced. By dispos- 
ing an electro-conductive foil in place of an electro-con- 
ductive layer employed in the above described 
embodiments 1 and 2. the present embodiment pro- 
vides an effect of crosstalk noise reduction at an easier 
way as compared with said embodiments 1 , 2. 



(embodiment 4) 



Fig.1 0 shows a cross sectional structure at the cou- 
pling part of semiconductor chips of a semiconductor 
5 device according to a fourth embodiment of the present 
invention. A first semiconductor chip 31 comprises a 
first electrode pad 32, a first passivation layer 33 and a 
first elements region 34 containing wiring layer. A sec- 
ond semiconductor chip 35 has a chip size larger than 
w first semiconductor chip 31, and comprises a second 
electrode pad 36, a second passivation layer 37, a sec- 
ond elements region 38 containing wiring layer, and a 
pad 36a for connection with an external circuit. Where, 
second elements region 38 is formed in an area not tac- 
ts ing to first semiconductor chip 31 . First electrode pad 32 
and second electrode pad 36 are electrically connected 
together by means of a metal extrusion, or a bump 39. 
The gap between first semiconductor chip 31 and sec- 
ond semiconductor chip 35 including their vicinities are 
20 filled with an insulation resin 40. The insulation resin 40 
is not an essential component, but it may be used when- 
ever necessary. 

Rg.1 1 shows process steps of mounting two semi- 
conductor chips of the semiconductor device. 
25 In the first place, as shown in process (a), a bump 
39 of Ni-core Au is formed by electroless plating on 
electrode pad 32 of first semiconductor chip 31. Bump 
39 may be either an Au bump, or a solder bump com- 
prising of Sn-Pb, In-Sn, etc. It may be formed also by a 
so transfer bump method. The diameter of bump 39 is: 
from 5iim upto 100*im for Ni-core Au bumps and Au 
bumps; approximately 100um for solder bumps. Bump 
39 may be formed on both first semiconductor chip 31 
and second semiconductor chip 35. 
35 Next, as shown in process (b), first electrode pad 32 
is aligned with second electrode pad 36 via bump 39. 
Then, first semiconductor chip 31 is mounted on second 
semiconcuctor chip 35 using a pressing/heating tool 13. 
When, the chips are pressed together with a pressure 
40 from 0.1g upto 100g per one bump, at a temperature 
within a range from 60°C to 250°C to perform the Au-AI 
alloy junction. In the case of Au-Au junction, the press- 
ing/heating conditions remain the same as in the Au-AI 
alloy junction. In a case of the solder alloy junction, the 
45 heating temperature is within a range from 60°C to 
250°C, the pressure is from the weight of semiconduc- 
tor chip itself upto several grams. Besides the alloy junc- 
tion method, a flip chip method such as MBB(micro 
bump bonding) method well known as COG method, 
so wherein the coupling is performed via an insulation 
resin, may be used. 

Then, as process (d) shows, the gap between first 
semiconductor chip 31 and second semiconductor chip 
35 and their vicinities are filled with an insulation resin 
55 40, and cured. If the insulation resin 40 is a light-curing 
type insulation resin, second semiconductor chip 35 
may be mounted on first semiconductor chip 31 irradiat- 
ing ultraviolet rays, thus insulation resin is cured while 
first semiconductor chip 31 and second semiconductor 
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chip 35 are pressed together by pressing/heating tool 
13. 

As described above, as there is no second ele- 
ments region 38, including the wiring layer, in an area 
beneath first elements region 34, the occurrence of 
crosstalk noise between first elements region 34 and 
second elements region 38 is suppressed. 

(embodiment 5) 

A fifth embodiment of the present invention as 
shown in Fig. 12 is a modification of the fourth embodi- 
ment shown in Fig.10; an EPROM(erasable program- 
mable read-only memory) module comprised of a 
second semiconductor chip 42 containing memory cir- 
cuits and logic circuits, and a first semiconductor chip 
41 , which comprises a general-use MCU(micro-compu- 
ter), mounted on the second semiconductor chip 42. 
The constituent components in Fig. 12 having the same 
functions as those of Fig.10 are given with the same 
symbols, and explanations to which are omitted. An 
EPROM 43 and a logic circuit 44 are formed in an area 
not facing to second semiconductor chip 42. The logic 
circuit 44 may contain other memories. Also in this 
embodiment, an insulation resin 40 may be filled in, 
wherever necessary, as shown in Fig.10. 

The method of coupling first semiconductor chip 41 
and second semiconductor chip 42 together remains 
the same as that of Fig. 1 1 , processes (a) - (c); therefore 
explanation of which is omitted. 

In this embodiment as the EPROM 43 and logic cir- 
cuit 44 are formed in an area of second semiconductor 
chip 42 not facing to the first semiconductor chip 41 , the 
occurrence of crosstalk noise is suppressed even with- 
out providing an electro-conductive layer. Furthermore, 
different from a conventional semiconductor device 
wherein an EPROM is formed beneath first semicon- 
ductor chip, the EPROM 43 of this embodiment is 
placed with its surface open to upward; therefore, pro- 
grams and data stored in EPROM 43 can be erased at 
ease by irradiating ultraviolet rays from the upward, and 
rewritten. In a case where at least EPROM 43 is located 
not overlaid by first semiconductor chip 41 , the erasing 
by ultraviolet rays is possible. In a case where logic cir- 
cuit 44 is formed beneath first semiconductor chip 41, 
the occurrence of crosstalk noise can be suppressed by 
disposing an electro-conductive layer between first 
semiconductor chip 41 and second semiconductor chip 
42. 

(embodiment 6) 

A sixth embodiment of the present invention shown 
in Fig.13 is another modification of the fourth embodi- 
ment as shown in Fig.10; an ICE(in-drcuit emulator) 
module comprising a second semiconductor chip 46 
comprised of an ICE chip, and a first semiconductor 
chip 45 comprised of a general-use MCU (micro-com- 
puter) which is mounted on the second semiconductor 



chip 46. The constituent components of Fig.13 having 
the same functions as those in Fig.10 are given with the 
same symbols, and explanations to which are omitted. 
A circuit 47 comprised of an ICE circuit and a memory is 

5 formed on second semiconductor chip 46 in an area not 
facing to first semiconductor chip 45. A pad 36a is a 
user external pad; the total number of pads 36 plus pad 
36a is larger than the number of first electrode pads 32. 
The circuit 47 is formed so as the square measure of cir- 

w cuit 47 is smaller than the area of second semiconduc- 
tor chip 46 minus area of the general-use MCU. 

Method of coupling first semiconductor chip 45 and 
second semiconductor chip 46 together remains the 
same as that shown in Fig.11, processes (a) through 

is (c); therefore explanation to which is omitted. 

The occurrence of crosstalk noise is suppressed 
also in this embodiment because the circuit 47 compris- 
ing of ICE circuit and memory is formed on second sem- 
iconductor chip 46 in an area not facing to first 

20 semiconductor chip 45. 

(embodiment 7) 

Fig. 14 is a see-through plan view of a semiconduc- 

25 tor device according to a seventh embodiment of the 
present invention, as viewed from above a first semicon- 
ductor chip 51. On the first semiconductor chip 51, a 
first electrode pad 52 and a first wiring 53 are formed. 
On a second semiconductor chip 55, a second elec- 

30 trode pad 56 and a second wiring 57 are formed. The 
first semiconductor chip 51 and the second semicon- 
ductor chip 55 are positioned in a manner so that the 
direction of wiring 53 and the direction of wiring 57 form 
approximately right angle. First electrode pad 52 and 

35 second electrode pad 56 are coupled by a metal extru- 
sion, or a bump 54. The gap between first semiconduc- ' " 
tor chip 51 and second semiconductor chip 55, and their 
vicinities are filled with an insulation resin 58. The insu- 
lation resin 58 is not an essential member, it may be 

40 provided whenever needed. 

Method of coupling first semiconductor chip 51 and 
second semiconductor chip 55 together remains the 
same as that of Fig. 1 1 , processes (a) through (d) ; there- 
fore explanation to which is omitted. 

45 Thus, the crosstalk noise that occurs between wir- 
ing 53 and wiring 57 is significantly reduced by arrang- 
ing the positioning of first semiconductor chip 51 and 
second semiconductor chip 55 so as the direction of wir- 
ing 53 and the direction of wiring 57 cross at approxi- 

so mately right angle to each other The crosstalk noise 
increases along with deviation of the crossing angle of 
the directions of wiring 53 and wiring 57 from the right 
angle. Therefore, it is most preferred to have the direc- 
tion of wiring 53 and the direction of wiring 57 cross at 

55 approximately right angle. However, it is not the inten- 
tion of the present invention to limit the positioning 
arrangement to the right angle, but the crossing angle 
between the direction of wiring 53 and the direction of 
wiring 57 may be made smaller than the right angle in 
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so far as the level of crosstalk noise is lower than a level 
at which a functional error is induced on the semicon- 
ductor device. When directions of the two wirings are in 
parallel to each other the crosstalk noise reaches its 
peak; therefore, such an arrangement is the least pre- 
ferred. 

(embodiment 8) 

Fig. 15(a) is a conceptual drawing showing the 
cross section and the circuit of a semiconductor device 
according to an eighth embodiment of the present 
invention. On a first semiconductor chip 61 , a first elec- 
trode pad 62 and a first wiring 63 are formed. On a sec- 
ond semiconductor chip 65, a second electrode pad 66 
and a second wiring 67 are formed. The first electrode 
pad 63 and the second electrode pad 66 are coupled 
together via a metal extrusion, or a bump 64, so as first 
wiring 63 and second wiring 67 do not touch to each 
other. Method of coupling first semiconductor chip 61 
and second semiconductor chip 65 remains the same 
as that of Fig.11, processes (a) through (c); therefore 
explanation to which is omitted. 

Fig. 15(b) shows an equivalent circuit diagram, 
where each length of first wiring 63 and second wiring 
67 is 1 mm, and wiring 63 and wiring 67 are in parallel to 
each other. In Fig.15(b) shows a resistance 68, an 
inductance 69 and a capacitance 70 against substrate 
of first wiring 63; a resistance 71 , an inductance 72 and 
a capacitance 73 against substrate of second wiring 67; 
and a mutual inductance 74 and a mutual capacitance 
75 between wiring 63 and wiring 67. 

In this embodiment, in order to suppress the cross- 
talk noise induced by mutual inductance 74 and mutual 
capacitance 75, the difference between driving voltage 
of first semiconductor chip 61 and driving voltage of 
second semiconductor chip 65 is made to be smaller 
than threshold voltage of either one of the semiconduc- 
tor chips the driving voltage of which is lower. For exam- 
ple, assuming the driving voltage of second 
semiconductor chip 65 to be 2V, and the ON and OFF is 
determined at 1V as the border, the driving voltage of 
first semiconductor chip 61 is set to be under 3V. In this 
case, the difference between the two driving voltages 
becomes under 1V, or smaller than the threshold volt- 
age 1 V; therefore the crosstalk noise diminishes. 

For the purpose of comparison, Fig.16 shows the 
occurrence of crosstalk noise Q3 immediately before 
each respective input buffer; where driving voltage Q2 
of second semiconductor chip 65 is 2V, and driving volt- 
age Q1 of first semiconductor chip 61 is 5V In this case, 
the difference between the driving voltages is 3V, or 
larger than the lower driving voltage Q2 and evidently 
higher than the threshold value; therefore, it is seen that 
a substantial crosstalk noise Q3 is induced on wiring 67 
of second semiconductor chip 65. 

As a practical example of this embodiment, Fig. 17 
shows the occurrence of crosstalk noise Q6 immedi- 
ately before each respective input buffer; where driving 
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voltage Q4 of first semiconductor chip 61 and driving 
voltage Q5 of second semiconductor chip 65 are both 
3.3V. In this case, the difference between the driving 
voltages is 0V, or evidently smaller than the threshold 
value; therefore, it is seen that the level of crosstalk 
noise Q6 is too low to give influence on operation of the 
semiconductor device. 

As described above, in a constitution where first 
semiconductor chip 61 and second semiconductor chip 
65 are disposed facing to each other, and electrially 
coupled via bump 64, the crosstalk noise that occurs 
between the wirings of first semiconductor chip 61 and 
second semiconductor chip 65 can be reduced to a level 
not to cause an erroneous operation of semiconductor 
device, if the difference between driving voltage of first 
semiconductor chip 61 and driving voltage of second 
semiconductor chip 65 is smaller than thershold voltage 
of either one of the semiconductor chips the driving volt- 
age of which is lower. 

Although the present invention has been described 
in terms of the presently preferred embodiments, it is to 
be understood that such disclosure is not to be inter- 
preted as limiting. Various alterations and modifications 
will no doubt become possible. Accordingly, it is 
intended that the appended claims be interpreted as 
covering ail alterations and modifications as fall within 
the true spirit and scope of the invention. 

Claims 



30 



35 



40 



45 



50 



55 



1 . A semiconductor device comprising : 

a first semiconductor chip having a first elec- 
trode pad and a first wiring layer disposed in 
the main surface; 

a second semiconductor chip having a second 
electrode pad located at a corresponding place 
and a second wiring layer disposed in the main 
surface facing to said first semiconductor chip; 
a coupling member for electrically coupling 
said first electrode pad and said second elec- 
trode pad together; 

an insulation member disposed between said 
main surfaces, facing to each other, of said first 
semiconductor chip and said second semicon- 
ductor chip; and 

an electro-conductive member disposed 
between said main surfaces, facing to each 
other, of said first semiconductor chip and said 
second semiconductor chip. 

2. The semiconductor device of claim 1 , wherein 

said insulation member is comprised of an 
insulation layer formed on at least one of said 
main surfaces of said first semiconductor chip 
and said second semiconductor chip, and 
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said electro-conductive member is comprised 
of an electro-conductive layer formed on said 
insulation layer. 

3. The semiconductor device of claim 1 , wherein s 

said insulation member is comprised of an 
insulation film having said coupling member in 
the circumference, and 

said electro-conductive member is comprised 10 
of an electro-conductive layer formed at least 
on one of the surfaces of said insulation film. 

4. The semiconductor device of claim 1 , wherein 

75 

said insulation member is comprised of an 
insulation resin, and 

said electro-conductive member is comprised 
of an electro-conductive foil buried in said insu- 
lation resin. 20 

5. The semiconductor device of either one of claim 1 , 
claim 2, claim 3 or claim 4, wherein 

said coupling member is comprised of a metal 25 
extrusion. 

6. The semiconductor device of either one of claim 1 , 
claim 2, claim 3 or claim 4, wherein 

30 

said electro-conductive member is coupled 
with at least one of ground terminals of said 
first semiconductor chip, said second semicon- 
ductor chip or an external circuit. 

35 

7. A semiconductor device manufacturing method 
comprising: 

a process for disposing a first semiconductor 
chip having a first electrode pad and a first wir- 40 
ing layer on the main surface and a second 
semiconductor chip having a second electrode 
pad and a second wiring layer on the main sur- 
face, with respective main surface facing to 
each other; 45 
a process for disposing an insulation member 
between said main surfaces, facing to each 
other, of said first semiconductor chip and said 
second semiconductor chip; 
a process for disposing an electro-conductive so 
member between said main surfaces, facing to 
each other, of said first semiconductor chip and 
said second semiconductor chip; and 
a process for electrically coupling said first 
electrode pad and said second electrode pad ss 
together with a coupling member. 

8. The semiconductor device manufacturing method 
of claim 7, wherein 



said process for disposing an insulation mem- 
ber is comprised of a process to form an insu- 
lation layer on at least one of said wiring layers 
of either said first semiconductor chip or said 
second semiconductor chip, and 
said process for disposing an electro-conduc- 
tive member is comprised of a process to form 
an electro-conductive layer on said insulation 
layer. 

9. The semiconductor device manufacturing method 
of claim 7, wherein 

said coupling process is comprised of a proc- 
ess to couple via an extruded electrode formed 
on both surfaces of an insulation film; 
said process for disposing an electro-conduc- 
tive member is comprised of a process to form 
an electro-conductive layer on at least one of 
the surfaces of said insulation film in an area 
excluding at least said extruded electrode; and 
said process for disposing an insulation mem- 
ber is comprised of a process to apply an insu- 
lation resin on said first semiconductor chip, a 11 
process to place said insulation film on said 
insulation resin so that said first electrode pad 
comes to said extruded electrode and said sec- 
ond electrode pad to said extruded electrode, 
respectively facing to each other, and a proc- 
ess to further apply an insulation resin on said 
insulation film. 

10. The semiconductor device manufacturing method 
of claim 7, wherein 

said process for disposing an insulation mem- 
ber and said process for disposing electro-con- 
ductive member are comprised of a process to 
apply an insulation resin on an area of said first 
semiconductor chip, a process to place an 
electro-conductive film on said insulation resin 
covering an area excluding said first electrode 
pad, and a process to bury said electro-con- 
ductive foil in said insulation resin by applying 
an insulation resin on said electro-conductive 
foil. 

11. The semiconductor device manufacturing method 
of either one of claim 7 or claim 8, wherein 

said process for disposing an electro-conduc- 
tive member is comprised of a process to form 
said electro-conductive member by means of 
electroless plating. 

12. The semiconductor device manufacturing method 
of either one of claim 7, claim 8, claim 9 or claim 10, 
further comprising 
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a process for connecting said electro-conduc- 
tive member with at least one of the ground ter- 
minals of said first semiconductor chip, said 
second semiconductor chip or an external cir- 
cuit. 

1 3. A semiconductor device comprising a first semicon- 
ductor chip having a first electrode pad, a first wir- 
ing layer and a first elements region in the main 
surface, and a second semiconductor chip having a 
second electrode pad located at a corresponding 
place, a second wiring layer and a second elements 
region in the main surface facing to said first semi- 
conductor chip, wherein 

said second semiconductor chip has a square 
measure larger than that of said first semico- 
ductor chip, and said second wiring layer and 
said second elements region are formed on 
said second semiconductor chip in an area 
away from an area facing to said first wiring 
layer and said first elements region. 

14. The semiconductor device of claim 13, wherein 

a memory with which an information is erasa- 
ble and rewritable by irradiating ultraviolet rays 
is formed in said second elements region. 



1 5. The semiconductor device of claim 1 3, wherein 30 

the number of said second electrode pads is 
more than said first electrode pad counts, and 
the area of said second elements region is 
smaller than the square measure of said sec- 35 
ond semiconductor chip minus the total of said 
first wiring layer area and said first elements 
region area. 
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1 6. A semiconductor device comprising a first semicon- 
ductor chip having a first electrode pad, a first wir- 
ing layer and a first elements region in the main 
surface, and a second semiconductor chip having a 
second electrode pad located at a corresponding 
place, a second wiring layer and a second elements 
region in the main surface facing to said first semi- 
conductor chip, wherein 

said first semiconductor chip and said second 
semiconductor chip are disposed so as said 
wiring of first wiring layer and wiring of second 
wiring layer cross to each other at a certain 
optional angle without having mutual contact. 

17. A semiconductor device comprising a first semicon- 
ductor chip having a first electrode pad, a first wir- 
ing layer and a first elements region in the main 
surface, and a second semiconductor chip having a 
second electrode pad located at a corresponding 
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place, a second wiring layer and a second elements 
region in the main surface facing to said first semi- 
conductor chip, wherein 

difference between driving voltage of said first 
semiconductor chip and driving voltage of said 
second semiconductor chip is smaller than 
threshold voltage that determines the ON or 
OFF of either semiconductor chip among the 
two chips the driving voltage of which is lower. 
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(54) Structure of chip on chip mounting preventing crosstalk noise 



(57) The present invention is intended to solve a 
problem of crosstalk noise in a so-called system mod- 
ule, which occurs as a result of interference between 
signals running in each of respective wiring layers of a 
first semiconductor chip and a second semiconductor 
chip stacked surface to surface with a small gap, and 
invites malfunctioning of semiconductor devices. As 
shown in Fig.1, the semiconductor device comprises a 
first semiconductor chip 1 having a first electrode pad 2 
and a first wiring layer 9 in the main surface, a second 
semiconductor chip 5 having a second electrode pad 6 
located at a corresponding place and a second wiring 
layer 10 in the main surface facing to the first semicon- 
ductor chip, a bump 4 for electrically coupling first elec- 
trode pad 2 and second electrode pad 6 together, an 
insulation layer 8 disposed between the main surfaces 
of first semiconductor chip 1 and second semiconductor 
chip 5 facing to each other, and an electro-conductive 
layer 7 disposed between the main surfaces of first 
semiconductor chip and second semiconductor chip 
facing to each other. 
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